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Abstract: Background:
Many sedentary adults have high body fat along with low fitness, strength, and lean
body mass (LBM) which are associated with poor health independently of body mass.
Physical activity can aid in prevention, management, and treatment of numerous
chronic conditions. The potential efficacy of resistance training (RT) in modifying risk
factors for cardiovascular and metabolic disease is clear. However, RT is under
researched in public health. We report community-based studies of RT in sedentary
(Study 1), and overweight and pre-diabetic (Study 2) populations.
Trial Design:
Study 1: A semi-randomised trial design. Study 2: A randomised wait-list controlled
trial.
Methods:
Study 1 (48-weeks): Participants choosing either a fitness centre approach, and
randomised to structured-exercise (STRUC, n=107), or free/unstructured gym use
(FREE, n=110), or not, and randomised to physical-activity-counselling (PAC, n=71) or
a measurement only comparator (CONT, n=76). Study 2 (12-weeks): Patients were
randomly assigned to; traditional-supervised-exercise (STRUC, n=30), physical-
activity-counselling (PAC, n=23), either combined (COMB, n=39), or a wait-list
comparator (CONT, n=54). Outcomes for both were BF mass (kg), LBM (kg), BF
percentage (%), and strength.
Results:
Study 1: One-way ANCOVA revealed significant between group effects for BF% and
LBM, but not for BF mass or strength. Post hoc paired comparisons revealed
significantly greater change in LBM for the STRUC group compared with the CONT
group. Within group changes using 95%CIs revealed significant changes only in the
STRUC group for both BF% (-4.1 to -0.9%) and LBM (0.1 to 4.5 kg), and in FREE (8.2
to 28.5 kg) and STRUC (5.9 to 26.0 kg) for strength.
Study 2: One-way ANCOVA did not reveal significant between group effects for
strength, BF%, BF mass, or LBM. For strength, 95%CIs revealed significant within
group changes for the STRUC (2.4 to 14.1 kg) and COMB (3.7 to 15.0 kg) groups.
Conclusion:
Strength increased in both studies across all RT treatments compared to controls, yet
significant improvements in both strength and body-composition occurred only in
programmed and/or supervised RT. As general increases in physical activity have
limited impact upon body-composition, public health practitioners should structure
interventions to include progressive RT.
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Abstract 
Background: 
Many sedentary adults have high body fat along with low fitness, strength, and lean body mass 
(LBM) which are associated with poor health independently of body mass. Physical activity 
can aid in prevention, management, and treatment of numerous chronic conditions. The 
potential efficacy of resistance training (RT) in modifying risk factors for cardiovascular and 
metabolic disease is clear. However, RT is under researched in public health. We report 
community-based studies of RT in sedentary (Study 1), and overweight and pre-diabetic (Study 
2) populations.  
Trial Design:  
Study 1: A semi-randomised trial design. Study 2: A randomised wait-list controlled trial. 
Methods: 
Study 1 (48-weeks): Participants choosing either a fitness centre approach, and randomised to 
structured-exercise (STRUC, n=107), or free/unstructured gym use (FREE, n=110), or not, and 
randomised to physical-activity-counselling (PAC, n=71) or a measurement only comparator 
(CONT, n=76). Study 2 (12-weeks): Patients were randomly assigned to; traditional-
supervised-exercise (STRUC, n=30), physical-activity-counselling (PAC, n=23), either 
combined (COMB, n=39), or a wait-list comparator (CONT, n=54). Outcomes for both were 
BF mass (kg), LBM (kg), BF percentage (%), and strength. 
Results: 
Study 1: One-way ANCOVA revealed significant between group effects for BF% and LBM, 
but not for BF mass or strength. Post hoc paired comparisons revealed significantly greater 
change in LBM for the STRUC group compared with the CONT group. Within group changes 
using 95%CIs revealed significant changes only in the STRUC group for both BF% (-4.1 to -
0.9%) and LBM (0.1 to 4.5 kg), and in FREE (8.2 to 28.5 kg) and STRUC (5.9 to 26.0 kg) for 
strength.  
Study 2: One-way ANCOVA did not reveal significant between group effects for strength, 
BF%, BF mass, or LBM. For strength, 95%CIs revealed significant within group changes for 
the STRUC (2.4 to 14.1 kg) and COMB (3.7 to 15.0 kg) groups.  
Conclusion: 
Strength increased in both studies across all RT treatments compared to controls, yet significant 
improvements in both strength and body-composition occurred only in programmed and/or 
supervised RT. As general increases in physical activity have limited impact upon body-
composition, public health practitioners should structure interventions to include progressive 
RT.  
Keywords: Resistance Training, Body Composition, Exercise Treatment, Health Status.  
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 Background 
Reducing population-level physical inactivity has been identified as a key intervention in 
public health [1]. In this context, research and public health messaging tends to centre on 
habitual low-moderate intensity of effort aerobic activity such as active transport, walking and 
cycling, or purposeful low-moderate intensity aerobic activity such as recreational sport, 
jogging or swimming [2,3]. Such activity has been described as ‘the gold standard for health 
professionals when prescribing exercise programmes’ [4]. This is likely the case because such 
aerobic activities are, hypothetically at least, effective, safe, widely accessible, and associated 
with few legitimate barriers to participation for the majority of individuals. Indeed, they are the 
primary component of guidelines for physical activity from the World Health Organisation 
(WHO) [5].  
 
The health problems associated with excess body fat (BF) are well documented [6]. Over and 
above high BF however, many sedentary adults also have low fitness, strength, and lean body 
mass (LBM) all of which have been shown to be associated with poor health and longevity 
independently of body mass [6-8]. Whilst health risks associated with the former are widely 
accepted, those associated with the latter, such as increased likelihood of Type-2 Diabetes, are 
less well recognized. The independent and combined role of muscle function and muscle mass 
in disease prevention and management is however increasingly evident. For example, recent 
data indicate that high muscle strength is associated with lower cancer mortality risk [9] and 
lower risk of arrhythmia [10], whilst low LBM is associated with hyperglycemia [11] and 
higher mortality risk in obese men [12]. Furthermore, and irrespective of disease risk, across 
the lifespan but especially in old age, appropriate LBM helps maintains mobility, balance, and 
injury resilience, and thereby maintains independence and quality of life [13, 14]. 
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 In individuals with normal/healthy LBM, healthy body composition can be maintained via the 
modulation of fat mass through aerobic exercise and/or dietary means (although diet-induced 
fat loss alone can reduce LBM as well as fat mass, an effect not necessarily observed when 
exercise alone is used to induce fat loss [15,16]). However, many adults have below optimal 
LBM, and this tends to become more pronounced with increasing age, whilst fat mass tends to 
accrue at the same time. Further, there is a loss of muscle quality affecting components of 
muscle function such as strength. Such individuals require interventions to increase LBM and 
muscle function [17]. 
 
Aerobic exercise at the intensity of effort often promoted in the public health context is 
expected to produce positive effects on BF (and indeed cardiorespiratory health and muscle 
endurance). However, few positive effects are expected or observed on either muscle strength 
and/or muscle mass [18]. In fact, in the public health context, muscle function and muscle 
morphology are often considered of secondary importance to broader cardiovascular and 
metabolic function. Muscle function and mass have historically been viewed more as 
components of ‘athletic fitness’ than of public health [2], a scenario referred to as the 
‘underappreciated role of muscle in health and disease’ [19]. Yet, there is considerable 
evidence accumulating that both greater strength and muscle mass are associated health and 
longevity [3]. Recommendations to engage in ‘muscle strengthening activities’ such as 
resistance training (RT) are currently included in the WHO physical activity guidelines [5]. 
However, in comparison to the aerobic physical activity recommendations, these lack 
emphasis. As a result, numerous authors have argued that higher effort interventions such as 
RT should have a more prominent place within public health approaches towards physical 
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activity and exercise [2, 3, 20, 21]. It is unfortunate however that RT is underused and under-
researched in public health. 
 
The potential efficacy of RT in modifying risk factors for cardiovascular and metabolic disease 
has been demonstrated [4, 22]. Data from two recent large studies conducted in community 
settings indicate that of several modes of physical activity, RT was associated with the lowest 
increases in waist circumference over a 12-year period [23] and that adults with excess BF 
benefitted particularly from RT [24]. Further, the Resist Diabetes trial demonstrated that low 
volume yet high effort RT was an effective and maintainable approach for increasing strength 
and reducing prevalence of pre-diabetes [25]. Recent systematic reviews support this indicating 
that RT conducted at sufficiently high intensities of effort (either through increased loads, 
repetitions, or sets) was associated with improved insulin sensitivity [26] and concluded that 
RT presents a viable alternative and adjunct to aerobic exercise in the management of 
hypercholesterolemia [27].  
 
However, much of what we know about the effects of RT is derived from research in sports 
science and sports medicine, which has identified, for example, the effects of manipulation of 
variables (load, volume, effort etc.) within RT interventions in various healthy and/or athletic 
populations [28, 29]. In public health however, many of the nuances of sports-related RT may 
be less relevant. In public health, evidence that an intervention is broadly effective for a broad 
range of individuals, and that it might be robust in the face of variations in delivery, 
environment and demographic are critical. In fact, in public health it is the commonalities 
across intervention effects, not the nuanced differences between them, that are important. What 
we need to know in the public health context is what characteristics of a RT programme make 
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it an effective health intervention in normal, at risk, and diseased populations. In the process 
of identifying the answer to such questions, many aspects of sports-related RT may of course 
become significant.   
 
Recent government reports, for example the All Party Commission on Physical Activity [1], 
‘Tackling physical inactivity - a coordinated approach’, public health reports, for example 
‘Identifying what works for local physical inactivity interventions’ [30], and published 
academic papers [31], have identified a lack of data attesting to the effectiveness of real world 
physical activity interventions. Beedie et al. [31] argued that whilst the evidence for the 
laboratory efficacy of exercise is strong, the evidence for its effectiveness in real world public 
health contexts is weak. If this statement is true in the case of exercise generally, we argue that 
it is especially true in the case of RT [3]. 
 
As such, the aim of the present paper is to report two community-based RT interventions, 
delivered to a previously sedentary population (Study 1), and as part of a GP Exercise Referral 
programme to overweight and pre-diabetic patients (Study 2). We report these two studies 
together here for two reasons; first, the two were linked in that promising data derived from an 
inactive yet healthy population in Study 1 enabled us to test a similar model on a less healthy 
population in Study 2. Second, we believe that the commonalities across findings and 
complementary conclusions are worthy of joint dissemination. Data reported were collected as 
part of larger projects examining community-based exercise interventions in public health.  
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Study 1: Effects on strength and body composition of prescribed and structured versus 
free resistance training:  
 
Study 1 Method 
PICO and Trial Design. The population (P) was sedentary adults. The interventions (I) 
included two fitness centre interventions and a physical activity counselling intervention both 
described below, and the comparator (C) was a measurement only control group. Outcomes 
(O) included body composition and strength. A semi-randomised trial design was utilised. 
Participants were initially offered one of two pathways. Those choosing the fitness centre 
pathway were randomised to one of two interventions; a structured exercise programme 
(STRUC), or free/unstructured exercise (FREE). Those choosing a non-fitness centre pathway 
were randomised to either physical activity counselling (PAC), or to a measurement only 
control condition (CONT) including two health checks. Interventions were delivered over 48 
weeks with measures at 0 (baseline) and 48 weeks. Ethical approval was granted from the 
institution of the lead author (University of Greenwich, UK, UREC/11/12.5.6.11). All 
participants gave consent for publication. Figure 1 shows the CONSORT flow diagram for 
study 1. The trial was retrospectively registered on the ISRCTN Registry (ISRCTN13024854). 
 
*** FIGURE 1 *** 
 
Recruitment. Operators of community health centres in the UK were invited to participate in 
the study. Two exercise professionals from each of 27 participating facilities (n=54) were 
trained in a 2-day bespoke course delivered by the first author. Each centre was tasked with 
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recruiting sedentary participants to the project. In order to maintain the external validity of the 
study, centres were informed that no recruitment incentives were to be offered [32].  
 
Participants. Inclusion criteria for participants were that they were sedentary, defined as 
currently not meeting the physical activity recommendations of the UK Chief Medical Officer, 
and were taking no medication that might impact cardiovascular risk. Three hundred and sixty-
nine participants (age 43±5 years) were recruited. Participants received a detailed explanation 
of the study and provided written informed consent.  
 
Interventions & Comparator. STRUC had access to all fitness centre facilities and received an 
individualised and structured RT programme (Table 1). This programme was based on 
guidelines published by the American College of Sports Medicine (ACSM) [33, 34]. RT loads 
were based upon calculations of one-repetition maximum (1RM) derived from baseline data 
(see below). As the studies were conducted in ecologically valid community settings there was 
some flexibility in the exercises utilised based on participant preferences and any orthopaedic 
issues/injuries. However, all participants at a minimum followed a full body routine consisting 
of an upper body multi-joint push (e.g. chest press, overhead press, or dip), upper body multi-
joint pull (e.g. pulldown, or seated row), and lower body multi-joint push (e.g. leg press). 
Exercise professionals met STRUC participants once a month to discuss their progress.   
 
*** TABLE 1 *** 
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FREE participants had access to all fitness centre facilities but received no structured 
programme. Exercise professionals met with FREE participants once each month to discuss 
progress.  
 
PAC participants met exercise professionals once each month for counselling sessions 
structured around the model proposed by Haase et al. [35] and delivered within the fitness 
centre location. PAC participants did not however have access to any fitness centre exercise 
facilities.  
 
CONT participants acted as the comparator group, did not receive an intervention, and did not 
have access to any fitness centre exercise facilities. Whilst CONT did not receive an exercise 
intervention, they did receive two free health screens (pre and post measurement) over the 
duration of the study. Exercise professionals were instructed to have no contact with CONT 
participants other than to arrange data collection at 0 and 48 weeks. 
 
Outcomes. Pre- and post- intervention measures of body composition including BF mass (kg), 
LBM (kg) and BF percentage (%) were performed using bioelectrical-impedance (Bodystat 
1500, Bodystat, Isle of Man, UK). Guidelines from the National Institute of Health Research 
Southampton Biomedical Research Centre were followed for body compositions assessment 
(http://www.uhs.nhs.uk/Media/Southampton-Clinical-
Research/Procedures/BRCProcedures/Procedure-for-bioimpedance-with-Bodystat-1500.pdf). 
Predicted 1RM for chest press, pull down and leg press were obtained by gauging the maximal 
weight that could be lifted successfully for between 5 and 15 repetitions, and inputting these 
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data into the Brzycki equation (i.e. weight/(1.0278-(0.0278 x No. Repetitions)) [37]. These 
results were collapsed into a single strength measure (the mean of the predicted 1RM for each 
exercise). No direct measures of physical activity were employed.  
 
Data analysis. The independent variable considered in the analysis was ‘group’ i.e. FREE, 
PAC, STRUC, or CONT) and the dependent variables were the absolute changes (post- minus 
pre-test values) for changes in strength and body composition. Between group comparisons 
were made using one-way analysis of covariance (ANCOVA) using the pre-test results as a 
covariate in the model. Paired comparisons for significant between group effects were 
examined using post hoc Bonferroni tests. Within group changes were examined using 95% 
confidence intervals (CIs) for marginal means from ANCOVA group model with a Bonferonni 
adjustment, and where significant within participants effects size (ES; d = μchange/σchange; 
marginal = <0.20, small = 0.20-0.49, moderate = 0.50-0.79, and large = >0.80) were calculated. 
Analysis was conducted using JASP (version 0.8.1.2; University of Amsterdam, The 
Netherlands) with α for statistical significance set at 0.05.  
 
Study 1 Results 
All pre- and post-intervention means±SD, marginal means for changes, and 95%CIs for 
changes are reported in Table 2. 
 
For change in strength, one-way ANCOVA did not reveal significant between group effects 
(F(3,303) = 2.064, p = 0.105). However, 95%CIs revealed that significant within group changes 
occurred only for the FREE (8.2 to 28.5 kg; p < 0.001) and STRUC (5.9 to 26.0 kg; p < 0.001) 
 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
groups. ESs for change in strength were marginal for both CONT (d = 0.11) and PAC (d = 
0.18), and were small for both FREE (d = 0.46) and STRUC (d = 0.40). 
 
For changes in body composition, one-way ANCOVA revealed significant between group 
effects for BF% (F(3,342) = 2.739, p = 0.043) and LBM (F(3,342) = 3.511, p = 0.016), but not for 
BF mass (F(3,342) = 0.517, p 0.671). Post hoc paired comparisons for BF% were not significant 
for any comparisons but revealed significantly greater change in LBM for the STRUC group 
compared with the CONT group (p = 0.019). Within group changes in body composition using 
95%CIs revealed significant changes only in the STRUC group for both BF% (-4.1 to -0.9 %; 
p < 0.001) and LBM (0.1 to 4.5 %; p = 0.032). ESs for change in BF% were marginal for 
CONT (d = 0.02), FREE (d = -0.07), and PAC (d = -0.11), and small for STRUC (d = -0.38). 
ESs for change in LBM were marginal for CONT (d = -0.20), FREE (d = -0.05), and PAC (d 
= 0.14), and small for STRUC (d = 0.26). 
 
*** TABLE 2 *** 
 
Study 2: Effects on strength and body composition of a structured and supervised 
resistance training, physical activity counselling and the two combined. 
 
Study 2 Method 
PICO and Trial Design. The population (P) was sedentary overweight or obese adults with, or 
at increased risk of, Type 2 Diabetes. The interventions (I) included three interventions groups 
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described in detail below; a general practitioner (GP) exercise referral scheme of structured 
exercise (STRUC), physical activity counselling (PAC), or a combination of both (COMB). 
The comparator (C) was a wait-list control group awaiting entry into the GP exercise referral 
scheme. Outcomes (O) included body composition and strength. A randomised wait-list 
controlled trial was utilised. All interventions were delivered over a period of 12 weeks. 
Participants were randomly assigned to one of four groups including the three intervention 
groups and one wait-list control group. Ethical approval was granted from the local NHS 
research ethics committee (IRAS project ID 172321, REC reference: 15/LO/0540). Figure 2 
shows the CONSORT flow diagram for study 2. The trial was retrospectively registered on the 
ISRCTN Registry (ISRCTN13509468). 
 
*** FIGURE 2 *** 
 
Participants. Inclusion criteria for participants were that they were overweight and/or obese 
(BMI 25-35), and/or at increased risk of Type 2 Diabetes as determined by their General 
Practitioner (GP), yet not currently taking any prescribed medication for cardiovascular or 
metabolic conditions. Following local NHS research ethics committee approval, letters were 
sent by the research team inviting all GPs in the region to identify and contact potential 
participants. One hundred and forty-six participants (age 49±14 years) who were residents of 
South-East London, UK were recruited. All participants signed informed consent documents 
and all gave consent for publication. Those taking prescribed medication for cardiovascular or 
metabolic conditions were excluded from the study, but were referred into the non-research 
arm of the treatment.   
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 Interventions & Comparator. STRUC received one session per week of a structured and 
supervised GP exercise referral intervention. This intervention was already delivered as part of 
the care pathway of the local health trust and participants were restricted to these sessions. This 
programme (Table 1) was based on guidelines published by the American College of Sports 
Medicine (ACSM) [33, 34]. RT loads were based upon calculations of one-repetition maximum 
(1RM) derived from baseline data (see below). As the studies were conducted in ecologically 
valid community settings there was some flexibility in the exercises utilised based on 
participant preferences and any orthopaedic issues/injuries. However, all participants at a 
minimum followed a full body routine consisting of an upper body multi-joint push (e.g. chest 
press, overhead press, or dip), upper body multi-joint pull (e.g. pulldown, or seated row), and 
lower body multi-joint push (e.g. leg press). Exercise professionals met STRUC participants 
once a month to discuss their progress.   
 
PAC received one session per week of physical activity counselling. The sessions were 
structured around the model proposed by Haase et al. [35], and no access to fitness facilities.  
 
COMB received a combination of physical activity counselling (sessions in weeks 1, 3, 5, 7, 9 
& 11) and a structured and supervised GP exercise referral intervention (sessions in weeks 2, 
4, 6, 8, 10 & 12).  
 
The CONT group was formed from a wait-list control facilitated by a legitimate 12-week 
waiting list for entry into the GP exercise referral intervention. CONT participants received the 
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intervention after this period, though only their waiting list period data was included for 
analysis.  
 
Outcomes. Pre- and post-intervention measures for body composition including, BF mass (kg), 
lean mass (kg) and BF percentage (%), were performed using bio-impedance (Bodystat 1500, 
Bodystat, Isle of Man, UK). Guidelines from the National Institute of Health Research 
Southampton Biomedical Research Centre were followed for body compositions assessment 
(http://www.uhs.nhs.uk/Media/Southampton-Clinical-
Research/Procedures/BRCProcedures/Procedure-for-bioimpedance-with-Bodystat-1500.pdf). 
Predicted 1RM for chest press, pull down and leg press were obtained by gauging the maximal 
weight that could be lifted successfully for between 5 and 15 repetitions, and inputting these 
data into the Brzycki equation (i.e. weight/(1.0278-(0.0278 x No. Repetitions)) [37]. These 
results were collapsed into a single strength measure (the mean of the predicted 1RM for each 
exercise). No direct measures of physical activity were employed.  
 
All interventions and measures were conducted by the exercise staff of the three sites, all of 
whom were qualified and experienced exercise professionals. All staff were trained to deliver 
PAC and conduct all measures by the research team. The research team however had no direct 
contact with participants at any stage of the study. 
 
Data analysis. The independent variable considered in the analysis was ‘group’ i.e. STRUC, 
PAC, COMB, or CONT) and the dependent variables were the absolute changes (post- minus 
pre-test values) for changes in strength and body composition. Between group comparisons 
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were made using one-way analysis of covariance (ANCOVA) using the pre-test results as a 
covariate in the model. Paired comparisons for significant between group effects were 
examined using post hoc Bonferroni tests. Within group changes were examined using 95%CIs 
for marginal means from ANCOVA group model with a Bonferonni adjustment, and where 
significant within participants effects size (ES; d = μchange/σchange; marginal = <0.20, small = 
0.20-0.49, moderate = 0.50-0.79, and large = >0.80) was calculated. Analysis was conducted 
using JASP (version 0.8.1.2; University of Amsterdam, The Netherlands) with α for statistical 
significance set at 0.05. 
 
Study 2 Results 
All pre- and post-intervention means±SD, marginal means for changes, and 95%CIs for 
changes are reported in Table 3. 
 
For change in strength, one-way ANCOVA did not reveal significant between group effects 
(F(3,3102) = 2.319, p = 0.080). However, 95%CIs revealed that significant within group changes 
occurred only for the STRUC (2.4 to 14.1 kg; p =0.002) and COMB (3.7 to 15.0 kg; p < 0.001) 
groups. ESs for change in strength were small for both CONT (d = 0.26) and PAC (d = 0.48), 
and were moderate for both STRUC (d = 0.76) and COMB (d = 0.76). 
 
For changes in body composition, one-way ANCOVA did not reveal significant between group 
effects for BF% (F(3,112) = 0.346, p = 0.792), BF mass (F(3,111) = 0.876, p= 0.456), or  LBM 
(F(3,111) = 1.056, p = 0.371). Within group changes in body composition using 95%CIs revealed 
no significant changes.  
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 *** TABLE 3 *** 
 
Discussion 
RT interventions are under-utilised and under-researched in public health. Above we reported 
two studies conducted in community settings, both of which used existing service delivery 
infrastructure to examine the effects of RT in sedentary (Study 1) and at risk (Study 2) 
participants. Both studies indicate that when RT in included in delivery in a range of 
intervention modes, significant increases in strength occur. Consistent with recent reviews [2-
4] this indicates that several forms of RT, ranging from free and unstructured to structured, 
periodized and supervised, have value in enhancing the functional capacity of sedentary and 
at-risk adults. This will in turn reduce risk of disease [9, 10] and in older individuals may 
maintain independence and reduce risk of injury [13, 14]. These effects would be expected 
independent of any observed changes in muscle mass, as in study 2 we found changes in 
strength but not body composition. Further, despite the lack of emphasis in current physical 
activity guidelines regarding participation in RT [5], recent evidence suggests that RT 
independent of aerobic exercise has the greatest impact on risk reduction for metabolic 
syndrome [38].  
 
Significant strength changes were found within the arms of each study that included a RT 
component (e.g. FREE, STRUC in both Study 1 and 2, and COMB) and the magnitude of these 
changes were very similar between the arms within each study (study 1; FREE, d = 0.46 vs. 
STRUC, d = 0.40; and study 2; STRUC, d = 0.76 vs. COMB, d = 0.76). Absolute changes were 
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greater for study 1 (Table 2), though the greater ESs in study 2 might be expected due to the 
patient population examined, despite the far shorter duration of the intervention period 
compared with study 1 (12 weeks vs 48 weeks). Further, in study 2, participants were also 
directly supervised and it has been shown that direct supervision during RT may impact upon 
outcomes [39-44]. However, within study 1, both the FREE and STRUC groups had similar 
increases in strength. These findings suggest that, independently of structured programing, 
participation in unsupervised RT is likely to results in similar strength gains in previously 
untrained and inactive participants.  
 
Despite strength gains being similar, in study 1 only the STRUC group had significant changes 
in body composition including decreases in BF% and increases in LBM. Multiple mechanisms, 
ranging from current energy balance and nutrient intake to previous training history and 
heredity, might underlie changes in body composition resulting from RT. Our data are not 
sufficient to identify which of these individually or in combination might explain observed 
effects. Interestingly, though strength changes may be less influenced, body composition 
appears to be more greatly influenced by supervision during RT [44]. Furthermore, more 
pronounced changes observed in some groups may simply be dose-dependent. In study 1 for 
example, STRUC participants were provided with a programme specifying RT over 48 weeks 
whilst those in FREE were not. FREE participants who lacked either the necessary motivation 
or aptitude might have completed little or no RT during the intervention period. The specific 
programming offered may have overcome the lack of direct supervision and thus resulted in 
the greater body composition changes (greater BF% decrease and LBM increase) observed. 
Likewise, in study 2 STRUC participants experienced twice as many supervised exercise 
sessions as COMB and experienced greater BF% decrease. Again this may be due to between-
group differences in volumes of RT completed. Such a hypothesis is consistent with a recent 
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meta-analysis that identified significant dose-response effects in RT performed by healthy 
older adults [45]. 
 
Having said this, we must of course return to the issue of public health messaging alluded to 
above; the question of whether effects are the result of tailoring, programming, and supervision, 
or are simply dose dependant, is perhaps moot in the sense that for many sedentary or at-risk 
individuals the former would almost certainly lead to the latter. That is, personal contact with, 
or supervision by, an exercise or health professional or their proxy (e.g., online resources) is 
likely a factor in subsequent exercise behaviour. Further, participation in structured RT may 
subsequently influence participation in other health promoting behaviours [46, 47]. In study 1, 
STRUC and FREE were randomly assigned, as were STRUC and COMB in study 2. We 
therefore have no reason to suspect any systematic differences in aptitude or motivation for RT 
between groups, and whether dose-dependent or not, structured and supervised RT was more 
effective in both studies. This is a useful finding, one that perhaps highlights that in health – as 
is often the case with sports-specific applications – RT might be more effective when structured 
and/or supervised by an exercise professional. It should however be noted that we did not assess 
the fidelity of the interventions employed and as such, though this it seems that broad 
conclusions can be drawn with respect to the nature of the interventions (i.e. that 
supervised/structured RT may be more effective), it is difficult to comment on the specific 
nature of the interventions and the interaction that may have had with our results. For example, 
due to the nature of some of the groups (e.g. FREE) it would have proved difficult to track in 
any meaningfully way that could be compared with other groups (e.g. STRUC) on participants 
use of the fitness facilities in terms of frequency, duration, or nature. As such, this is a noted 
limitation of the present studies. 
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 Conclusion 
Although increases in strength were observed across all RT treatments compared to controls, 
significant improvements in both strength and body-composition were observed only in 
programmed and/or supervised RT. Data suggests general increases in PA have limited impact 
upon body-composition in comparison with interventions including RT. Whilst the data 
presented are promising, future research will need to further examine potential dose-response 
relationships in community-based RT, and examine the effects of RT on a broader range of 
dependent variables. Furthermore, it should seek to examine both programme-based and 
individual difference factors likely to explain the relatively variable response to RT in such 
settings. Public health practitioners should structure PA interventions to include progressive 
RT.  
 
 
 
 
 
 
 
 
 
 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
List of Abbreviations  
BF – Body Fat 
LBM – Lean Body Mass 
RT – Resistance training 
STRUC – Structured Exercise Programme 
FREE – Free/Unstructured Exercise 
PAC – Physical Activity Counselling 
CONT – Control  
ANCOVA – Analysis of Covariance 
GPER – GP Exercise Referral  
COMB – Combination (of PAC and STRUC) 
 
Declarations 
Ethics approval and consent to participate 
Study 1: University of Greenwich, UK, University Research Ethics Committee (reference 
number 11/12.5.6.11) 
Study 2: National Health Service Research Ethics Committee, London - Queen Square 
Research Ethics Committee, UK (IRAS project ID 172321, REC reference: 15/LO/0540) 
All participants gave written consent to participate. 
Consent for publication 
Not applicable  
Availability of data and material 
The datasets generated and/or analysed during the current study are not publicly available due 
to the privacy of the participants however anonymised data are available from the 
corresponding author on reasonable request. 
Competing interests 
The authors declare that they have no competing interests 
Funding 
This project was funded by the University of Greenwich, ukactive, Parkwood Leisure and The 
London Borough of Bexley 
Authors' contributions 
 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
SM, CB and AJ secured funding for the projects; SM and MW project managed the research; 
JS, CB and SD analysed the data; all authors contributed to the writing of the manuscript and 
have read and approved the final version of the manuscript. 
Acknowledgements 
The authors would like to thank the numerous fitness centres and staff who took part in the two 
studies. We would also like to thank Technogym, MYZONE, Lifetime Health and Fitness, 
COSMED, Alere and Bodystat for their support of this research.    
Authors’ information 
Not applicable  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
References 
[1] UK Health Select committee. ‘All Party Commission on Physical Activity Tackling 
physical inactivity - a coordinated approach’. 2014. 
http://parliamentarycommissiononphysicalactivity.files.wordpress.com/2014/04/apcopa-
final.pdf. Accessed: 29th Feb 2016.  
[2] Phillips, S. M. and Winett, R. A. 'Uncomplicated resistance training and health-related 
outcomes: evidence for a public health mandate', Current Sports Medicine Reports. 2010; 9;4. 
p. 208–213. 
[3] Steele J, Fisher J, Skivington M, Dunn C, Arnold J, Tew G, Batterham AM, Nunan D, 
O’Driscoll JM, Mann S, Beedie C. A higher effort-based paradigm in physical activity and 
exercise for public health: making the case for a greater emphasis on resistance training. BMC 
public health. 2017;17;1: 300; doi:10.1186/s12889-017-4209-8. 
[4] Shaw, B., Shaw, I. and Brown, G. (2015) 'Resistance exercise is medicine: strength training 
in health promotion', International Journal of Therapy and Rehabilitation. 2015. 22;8. p. 232-
237. 
[5] World Health Organisation. Information sheet: global recommendations on physical 
activity for health 18–64 years old. 
2011; http://www.who.int/dietphysicalactivity/publications/recommendations18_64yearsold/
en/. 
[6] Barry, V. W., Baruth, M., Beets, M. W., Durstine, J. L., Liu, J. and Blair, S. N. 'Fitness vs. 
Fatness on All-Cause Mortality: A Meta-Analysis', Progress in Cardiovascular Diseases. 2014; 
56;4. p. 382-390. 
[7] Buckner SL, Loenneke JP, Loprinzi PD. Lower extremity strength, systemic inflammation 
and all-cause mortality: application to the “fat but fit” paradigm using cross-sectional and 
longitudinal designs. Physiology & behavior. 2015;149. p.199-202.  
[8] Srikanthan P, Horwich TB, Tseng CH. Relation of muscle mass and fat mass to 
cardiovascular disease mortality. The American journal of cardiology. 2016; 117;8:1355-60. 
[9] Ruiz, J. R., Sui, X., Lobelo, F., Lee, D.-c., Morrow, J. R., Jackson, A. W., Hébert, J. R., 
Matthews, C. E., Sjöström, M. and Blair, S. N. 'Muscular Strength and Adiposity as Predictors 
of Adulthood Cancer Mortality in Men', Cancer Epidemiology Biomarkers & Prevention. 
2009; 18;5. p. 1468-1476. 
[10] Andersen, K., Rasmussen, F., Held, C., Neovius, M., Tynelius, P. and Sundström, J. 
'Exercise capacity and muscle strength and risk of vascular disease and arrhythmia in 1.1 
million young Swedish men: cohort study', BMJ. 2015; 351. 
[11] Kalyani RR, Tra Y, Egan JM, Ferrucci L and F., B. 'Hyperglycemia is associated with 
relatively lower lean body mass in older adults.', J Nutr Health Aging. 2014; 18;8. p. 737-43. 
 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
[12] Wannamethee, S. G., Shaper, A. G., Whincup, P. H., Lennon, L., Papacosta, O. and Sattar, 
N. 'The obesity paradox in men with coronary heart disease and heart failure: The role of 
muscle mass and leptin', International Journal of Cardiology. 2014; 171;1. p. 49-55. 
[13] Manini, T. M. and Pahor, M. 'Physical activity and maintaining physical function in older 
adults', British journal of sports medicine. 2009; 43;1. p. 28-31. 
[14] Gault, M. L. and Willems, M. E. T. 'Aging, Functional Capacity and Eccentric Exercise 
Training', Aging and Disease. 2013; 4;6. p. 351-363. 
 [15] Molé, P. A. 'Daily exercise enhances fat utilization and maintains metabolic rate during 
severe energy restriction in humans', Sports Medicine, Training and Rehabilitation. 1996; 7;1. 
p. 39-48. 
[16] Weiss, E. P., Racette, S. B., Villareal, D. T., Fontana, L., Steger-May, K., Schechtman, K. 
B., Klein, S., Ehsani, A. A. and Holloszy, J. O. 'Lower extremity muscle size and strength and 
aerobic capacity decrease with caloric restriction but not with exercise-induced weight loss', 
Journal of Applied Physiology. 2007; 102;2. p. 634-640. 
[17] Stenholm S, Alley D, Bandinelli S, Griswold ME, Koskinen S, Rantanen T, Guralnik JM, 
Ferrucci L. The effect of obesity combined with low muscle strength on decline in mobility in 
older persons: results from the InCHIANTI study. International journal of obesity. 2009; 33;6: 
635. 
[18] Reed, R. L., Pearlmutter, L., Yochum, K., Meredith, K. E. and Mooradian, A. D. (1991) 
'The Relationship between Muscle Mass and Muscle Strength in the Elderly', Journal of the 
American Geriatrics Society. 1991; 39;6. p. 555-561. 
[19] Wolfe, R. R. 'The underappreciated role of muscle in health and disease', Am J Clin Nutr. 
2006; 84;3. p. 475-482. 
[20] Winett RA, Carpinelli RN. Potential health-related benefits of resistance training. 
Preventive medicine. 2001; 33;5: 503-13. 
[21] Westcott WL. Resistance training is medicine: effects of strength training on health. 
Current sports medicine reports. 2012; 11;4:209-16. 
[22] Braith, R. W. and Stewart, K. J. 'Resistance Exercise Training: Its Role in the Prevention 
of Cardiovascular Disease', Circulation. 2006; 113;22. p. 2642-2650. 
[23] Mekary, R. A., A, G., Despres, J.-P., De Moura, L. P., Asgarzadeh, M., Willett, W. C., 
Rimm, E. B., Giovannucci, E. and Hu, F. B. 'Weight training, aerobic physical activities, and 
long-term waist circumference change in men', Obesity. 2015; 23;2. p. 461-7. 
[24] Drenowatz, C., Hand, G., Sagner, M., Shook, R., Burgess, S. and Blair, S. 'The Prospective 
Association between Different Types of Exercise and Body Composition', Medicine and 
Science in Sports and Exercise. 2015; 47;12. p. 2535-41. 
 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
[25] Davy BM, Winett RA, Savla J, Marinik EL, Baugh ME, Flack KD, Halliday TM, Kelleher 
SA, Winett SG, Williams DM, Boshra S. Resist diabetes: A randomized clinical trial for 
resistance training maintenance in adults with prediabetes. PloS one. 2017; 12;2: e0172610. 
[26] Mann, S., Beedie, C., Balducci, S., Zanuso, S., Allgrove, J., Bertiato, F. and Jimenez, A. 
(2014a) 'Changes in insulin sensitivity in response to different modalities of exercise: a review 
of the evidence', Diabetes Metab Res Rev. 2014; 30;4. p. 257-68. 
[27] Mann, S., Beedie, C. and Jimenez, A. 'Differential effects of aerobic exercise, resistance 
training and combined exercise modalities on cholesterol and the lipid profile: review, 
synthesis and recommendations', Sports Med. 2014; 44;2. p. 211-21. 
[28] Fisher J, Steele J, Bruce-Low S, Smith D. Evidence-based resistance training 
recommendations. Med Sport. 2011; 15;3. p.147-62. 
[29] Fisher J, Steele J, Smith D. Evidence-based resistance training recommendations for 
muscular hypertrophy. Med Sport. 2013;174. p. 217-35. 
[30] Public Health England. ‘Identifying what works for local physical inactivity 
interventions’. 2014. Available at: 
http://researchinstitute.ukactive.com/downloads/managed/Identifying_what_works.pdf   
Accessed: 29th Feb 2016. 
[31] Beedie, C., Mann, S., Jimenez, A., Lane, A., Kennedy, L., Domone, S., Wilson, S. and 
Whyte, G. 'Death by Effectiveness: Exercise as Medicine Caught in the Efficacy Trap!', British 
Journal of Sports Medicine. 2015; doi:10.1136/bjsports-2014-094389. 
[32] Marchand, E., Stice, E., Rohde, P. and Becker, C. B. 'Moving from efficacy to 
effectiveness trials in prevention research', Behaviour research and therapy. 2011; 49;1. p. 32-
41. 
[33] Garber, C. E., Blissmer, B., Deschenes, M. R., Franklin, B. A., Lamonte, M. J., Lee, I.-
M., Nieman, D. C. and Swain, D. P. 'Quantity and Quality of Exercise for Developing and 
Maintaining Cardiorespiratory, Musculoskeletal, and Neuromotor Fitness in Apparently 
Healthy Adults: Guidance for Prescribing Exercise', Medicine & Science in Sports & Exercise. 
2011; 43;7. p. 1334-1359. 
[34] Kraemer, W., Adams, K., Cafarelli, E., Dudley, G., Dooly, C., Feigenbaum, M., Fleck, S., 
Franklin, B., Fry, A., Hoffman, J., Newton, R., Potteiger, J., Stone, M., Ratamess, N. and 
Triplett-McBride, T. 'American College of Sports Medicine position stand. Progression models 
in resistance training for healthy adults', Medicine and Science in Sports and Exercise. 2002; 
34;2. p. 364-380. 
[35] Haase, A., Taylor, A., Fox, K., Thorp, K., Lewis, G. 'Rationale and development of the 
physical activity counselling intervention for a pragmatic Trial of Exercise and Depression in 
the UK (TREAD-UK)', Mental Health and Physical Activity. 2010; 3;2. p. 85–91. 
 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
[37] McNair, P. J., Colvin, M. and Reid, D. 'Predicting maximal strength of quadriceps from 
submaximal performance in individuals with knee joint osteoarthritis.', Arthritis Care Res 
(Hoboken). 2011; 63;2. p. 216-22. 
[38] Bakker EA, Lee DC, Artero EG, Ruiz JR, Eisvogels TMH, Lavie CJ, Blair SN. 
Association of resistance exercise, independent of and combined with aerobic exercise, with 
the incidence of metabolic syndrome. Mayo Clin Proc. 2017;92(8):1214-1222 
[39] Coutts AJ, Murphy AJ, Dascombe BJ. The effect of direct supervision on a strength coach 
on measures of muscular strength and power in young rugby league players. Journal of strength 
and conditioning research. 2004; 18;2. p. 316. 
[40] Mazzetti SA, Kraemer WJ, Volek JS, Duncan ND, Ratamess NA, GÓmez AL, Newton 
RU, Hӓkkinen K, Fleck SJ. The influence of direct supervision of resistance training on 
strength performance. Medicine & Science in Sports & Exercise. 2000; 32;6. p. 1175-84. 
[41] Glass SC, Stanton DR. Self-selected resistance training intensity in novice weightlifters. 
The Journal of Strength & Conditioning Research. 2004;18;2. p. 324-7.  
[42] Elsangedy HM, Krause MP, Krinski K, Alves RC, Chao CH, da Silva SG. Is the self-
selected resistance exercise intensity by older women consistent with the American College of 
Sports Medicine guidelines to improve muscular fitness?. The Journal of Strength & 
Conditioning Research. 2013; 27;7. p. 1877-84. 
[43] Gentil P, Bottaro M. Influence of supervision ratio on muscle adaptations to resistance 
training in nontrained subjects. The Journal of Strength & Conditioning Research. 2010; 24;3. 
p. 639-43. 
[44] Steele J, Raubold K, Kemmler W, Fisher J, Gentil P, Giessing J. The Effects of 6 Months 
of Progressive High Effort Resistance Training Methods upon Strength, Body Composition, 
Function, and Wellbeing of Elderly Adults. BioMed Research International. 2017; 2017. p. 1-
14. 
[45] Borde, R., Hortobagyi, T. and Granacher, U. 'Dose-Response Relationships of Resistance 
Training in Healthy Old Adults: A Systematic Review and Meta-Analysis', Sports Med. 2015; 
45;12. p. 1693-720. 
[46] Halliday TM, Tina SJ, Marinik EL, Baugh ME, Winett S, Winett RA, Davy BM. Influence 
of Resistance Training Initiation and Maintenance on Spontaneous Dietary Intake Changes 
among Prediabetes Adult: 2131 Board# 283 June 2, 3: 30 PM-5: 00 PM. Medicine and science 
in sports and exercise. 2016; 48; 5 Suppl. p. 601.  
[47] Halliday TM, Savla J, Marinik EL, Hedrick VE, Winett RA, Davy BM. Resistance training 
is associated with spontaneous changes in aerobic physical activity but not overall diet quality 
in adults with prediabetes. Physiology & Behavior. 2017;177. p. 49-56. 
 
 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
Table 1. Periodized resistance training programme for structured (STRUC) participants 
Mesocycle 1 Week 1-3 
1 x 8-10 reps 
(70% 1RM) 
Week 3-5 
2 x 15 reps 
(40% 1RM) 
Weeks 6-8 
3 x 12 reps 
(50% 1RM) 
Week 9-12 
4 x 12 reps 
(50% 1RM) 
Mesocycle 2 Week 13-16 
4 x 10 reps 
(60% 1RM) 
Week 17-24 
3 x 15 reps 
(40% 1RM) 
Mesocycle 3 Week 25-27 
4 x 10 reps 
(60% 1RM) 
Week 28-36 
3 x 12 reps 
(50% 1RM) 
Mesocycle 4 Week 37-39 
3 x 6 reps 
(80% 1RM) 
Week 40-48 
4 x 10 reps 
(60% 1RM) 
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Table 2. Pre- and post-intervention means±SD, marginal means for changes, and 95%CIs for 
strength and body composition in Study 1 
Variable Pre- 
(Mean±SD) 
Post- 
(Mean±SD) 
Change 
(Marginal 
Means) 
95% Confidence 
Interval for Change 
Strength (kg)     
CONT 67.0±22.4 72.2±37.0 4.4 -8.9 to 17.7 
FREE 71.0±27.4 91.4±56.4 18.4 8.2 to 28.5 
PAC 71.4±28.0 79.3±36.2 7.2 -5.9 to 20.3 
STRUC 66.4±24.4 87.0±45.5 16.0 5.9 to 26.0 
BF%     
CONT 34.2±11.5 34.3±11.7 0.1 -1.9 to 2.1 
FREE 34.7±14.8 34.2±14.9 -0.5 -2.1 to 1.1 
PAC 34.9±13.0 34.2±13.4 -0.8 -2.7 to 1.3 
STRUC 35.7±16.0 32.9±15.1 -2.5 -4.1 to -0.9 
BF Mass (kg)     
CONT 24.8±13.4 23.1±9.3 -1.5 -3.1 to 0.2 
FREE 24.4±11.9 23.7±11.3 -0.8 -2.1 to 0.6 
PAC 25.1±9.8 24.4±9.0 -0.6 -2.2 to 1.1 
STRUC 24.7±10.8 23.1±10.3 -1.3 -2.6 to 0.0 
LBM (kg)     
CONT 49.0±18.6 47.1±18.6 -1.8 -4.5 to 0.9 
FREE 48.9±18.2 48.5±18.2 -0.4 -2.6 to 1.8 
PAC 50.3±18.4 51.4±18.9 1.2 -1.5 to 3.9 
STRUC 48.4±19.4 50.7±18.1 2.3 0.1 to 4.5 
CONT – control; FREE - free/unstructured exercise; PAC - physical activity counselling; 
STRUC - structured exercise programme  
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Table 3. Pre- and post-intervention means±SD, marginal means for changes, and 95%CIs for 
strength and body composition in Study 2 
Variable Pre- 
(Mean±SD) 
Post- 
(Mean±SD) 
Change 
(Marginal 
Means) 
95% Confidence 
Interval for Change 
Strength (kg)     
STRUC 28.8±13.6 37.6±12.9 8.2 2.4 to 14.1 
COMB 41.7±18.8 48.3±19.0 9.4 3.7 to 15.0 
PAC 24.7±10.2 31.8±9.8 5.2 -1.9 to 12.4 
CONT 29.3±14.4 32.8±15.3 2.8 -1.3 to 7.0 
BF%     
STRUC 35.5±12.5 35.7±14.0 -1.1 -3.1 to 0.9 
COMB 38.7±12.4 36.5±8.5 -0.3 -2.1 to 1.6 
PAC 38.9±9.9 38.6±8.9 -0.1 -2.2 to 2.0 
CONT 37.2±9.3 35.9±9.3 -0.3 -1.7 to 1.2 
BF Mass (kg)     
STRUC 32.3±19.3 33.7±21.5 -1.8 -4.3 to 0.7 
COMB 37.5±16.0 36.6±15.0 -0.1 -2.5 to 2.2 
PAC 35.2±14.0 32.4±10.7 -2.0 -1.6 to 0.7 
CONT 34.0±13.5 31.0±11.8 -0.7 -2.5 to 1.2 
LBM (kg)     
STRUC 56.1±14.5 56.0±12.0 -1.4 -5.7 to 3.0 
COMB 58.9±13.0 62.9±14.4 2.6 -1.3 to 6.5  
PAC 48.5±12.6 49.8±9.5 1.3 -3.3 to 5.9 
CONT 55.5±13.2 55.7±13.9 0.5 -2.3 to 3.4 
STRUC - traditional-supervised-exercise; PAC – physical-activity-counselling; COMB – 
combination of traditional-supervised-exercise and physical-activity-counselling; CONT – 
wait-list control 
 
Figure titles 
Figure 1. CONSORT flow diagram for Study 1. 
Figure 2. CONSORT flow diagram for Study 2. 
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Figure 1. CONSORT flow diagram for Study 1 Click here to download Figure Figure 1. CONSORT flow diagram for Study 1..png 
Figure 2. CONSORT flow diagram for Study 2 Click here to download Figure Figure 2. CONSORT flow diagram for Study 2..png 
